Abstract. The aim of the present study was to analyze the protective and hemodynamic effects of dexmedetomidine in hypertensive cerebral hemorrhage (HCH) patients during perioperative period. In total, 50 HCH patients were selected and randomly divided into two groups, one group was administered with dexmedetomidine and the other groups with midazolam. The mean arterial pressure (MAP), heart rate (HR) and blood oxygen saturation (SpO 2 ) were monitored in the two groups of patients before and during the operation. The MAP, HR, SpO 2 and P ET CO 2 recorded 5 min after admission into the operation room was considered T 1 , the same parameters recorded 10 min after drug administration were considered T 2 , just after starting the operation were considered T 3 and 30 min after start of operation were considered T 4 . The preoperative sedation and analgesia were evaluated by the Ramsay scoring method and the neuron-specific enolase (NSE) and S100 protein (S100β) were estimated using ELISA. The patients of the midazolam group experienced mild respiratory depression during the period of sedation. Levels of, MAP, HR and P ET CO 2 were significantly increased whereas SPO 2 was decreased (P<0.05). The MAP, HR, SPO 2 and P ET CO 2 were stable during the period of sedation (P>0.05). The plasma concentrations of epinephrine and norepinephrine at T 1 were similar in the two groups (P>0.05), but decreased after drug administration. This decrease was more prominent in the dexmedetomidine group patients (P<0.05) than midazolam group patients. The epinephrine and norepinephrine concentrations just after starting operation (T 3 ) were higher than the basal level (T 1 ) in the midazolam group, but close to the basal level in the dexmedetomidine group (P<0.05). The serum concentration of NSE and S100β in the two groups showed no difference (P>0.05) at the end of operation (T 5 ), but after 24 h of operation (T 7 ) NSE and S100β in the dexmedetomidine group were significantly lower compared to the midazolam group (P<0.05).
Introduction
Hypertensive cerebral hemorrhage (HCH) is a serious threat to human health, causing high mortality and morbidity (1) . The oppression on the surrounding brain tissue caused by hematoma can be removed through surgical resection by relieving secondary brain injury and this method, known as brain hematoma clearance, as well as decompressive craniectomy are widely used in clinical settings (2) . During the perioperative period, the body's stress response can be effectively reduced by the rational use of sedative to prevent blood pressure fluctuations that cause secondary bleeding. However, traditional sedatives and analgesic drugs such as benzodiazepines or opioid are often insufficient to lead to sedative and analgesic effects (3) .
The administration of a high dose of these drugs lead to excessive sedation and respiratory depression, thereby affecting circulatory and respiratory functions and becoming life threatening. Dexmedetomidine is a novel α 2 adrenoceptor agonist with high selectivity that can produce a good sedative effect. Furthermore, the sympathetic resistance effect of this drug, decreases the sympathetic excitation caused by surgery and anesthesia and thus helps the stability of haemodynamics. The drug also has certain neuroprotective effects such as, easy wake up after sedation and prevention of respiratory depression (4) . Considering the above facts, we have analyzed the suitability of the administration of dexmedetomidine as a sedative and analgesic for patients with HCH during the perioperative period.
Materials and methods
Subjects. All 50 cases of the present study were HCH patients from the Department of Neurosurgery of the Weifang Brain Hospital (Weifang Medical University, Weifang, China) and were scheduled to undergo intracranial hematoma clearance combined with decompressive craniectomy, according to the American Stroke Association level I or II with an age range of 29-68 years.
The inclusion criteria for the study were: i) The patients were confirmed with HCH by brain computed tomography (CT) in accordance with the clinical diagnostic criteria of the Fourth National Society of Cerebrovascular Diseases; ii) Glasgow scoring ≥12 points; iii) initial CT displayed supratentorial hematoma ≥30 ml. Exclusion criteria for the study were: i) Clear evidence that bleeding was caused by cerebral aneurysms, arteriovenous malformations, brain injury, or tumor stroke; ii) subtentorial cerebral hemorrhage; iii) advanced cerebral hernia, bilateral pupil divergence, and decerebrate rigidity; iv) combined with history of severe primary diseases, such as cardiovascular disease, kidney disease, diabetes, hepatopathy or mental retardation, and history of analgesic drugs.
The present study was approved by the ethics committee of the Weifang People's Hospital. Witten informed consent of the patients was obtained.
Chemicals and analyses.
Dexmedetomidine hydrochloride and midazolam hydrochloride injection were commercially obtained (Tocris Bioscience, Bristol, UK). The catecholamine (Rocky Mountain Diagnostics, Colorado Springs, CO, USA), neuron-specific enolase (NSE) and S100β (S100β protein) were estimated using ELISA as per instructions the manufacturer's (Rocky Mountain Diagnostics).
Patient monitoring. Sedation and analgesia were observed before and after surgery in the dexmedetomidine and midazolam groups, combined with electrocardiogram (ECG) monitoring.
The intra-surgical hemodynamics was also monitored in the dexmedetomidine and midazolam groups. Briefly, the mean arterial pressure (MAP), heart rate (HR), blood oxygen saturation (SpO 2 ) and ECG were monitored in patients prior to surgery. Approximately, 30 min before anesthesia, the patients were administered with an intramuscular injection of 100 mg phenobarbital sodium and 0.5 mg atropine. MAP, HR, SPO 2 and P ET CO 2 at 5 min after admission to the operation room (T 1 ), 10 min after drug administration (T 2 ), just after starting operation (T 3 ) and 30 min after the start of operation (T 4 ) were recorded.
Administration of drugs.
Prior to the anesthesia induction, 1 µg/kg dexmedetomidine was diluted in normal saline to a final volume of 20 ml and administered to patients via pump infusion for 10 min (dexmedetomidine group). Then, 0.05 mg/kg midazolam was diluted in normal saline to a final volume of 20 ml and administered to patients via pump infusion for 10 min (midazolam group). The two groups were given tracheal intubation general anesthesia. Anesthesia induction was performed with fentanyl (4 µg/kg), propofol (2 mg/kg) and rocuronium (1 mg/kg), followed by continuous pump infusion of propofol (4-10 mg/kg/h), fentanyl (0.1-0.3 µg/kg/min), cisatracurium besilate (0.1 mg/kg/h) before the operation and maintained during operation. During operation, the dexmedetomidine group was given 0.5 µg/kg/h dexmedetomidine via pump infusion while the midazolam group was given 0.05 mg/kg/h midazolam via pump infusion.
The patients with blood pressure 30% below the base level were given 5 mg ephedrine hydrochloride, followed by an additional 0.5 mg if the first dose seemed ineffective. The patients with HR <50 times/min were given 0.5 mg atropine. Patients with blood pressure 20% above the base value were given 0.1-0.15 mg/kg urapidil hydrochloride. Dexmedetomidine and midazolam infusion were suspended 30 min before operation, rocuronium infusion was suspended 10 min before the end of the operation, and propofol and fentanyl were suspended at the end of the operation.
Intracranial hematoma clearance combined with decompressive craniectomy was performed to treat the enrolled patients. Catheterization via radial artery puncture was employed to monitor the arterial pressure.
The plasma concentration of epinephrine and norepinephrine and the level of NSE and S100β protein in plasma at the end of the operation (T 5 ) and 24 h after the operation (T 7 ) were analyzed and recorded.
Observation of indexes. Respiratory depression (SpO 2 <90%
and lasted >20 sec), bradycardia (HR <60 beats/min), hypertension (diastolic blood pressure >150 mmHg), hypotension (systolic blood pressure <90 mmHg), nausea, vomiting and other adverse reactions were observed and recorded. The MAP, HR, SpO 2 and ECG were also observed and recorded. The plasma concentration of epinephrine and norepinephrine during operation was monitored.
Degrees of sedation. The depth of sedation was evaluated using the Ramsay scoring method. Scoring was as follows: 1 point, anxious and agitated; 2 points, sober, quiet and cooperative; 3 points, in quiet sleep and responsive to instructions; 4 points, in sleep, responsive to loudness and sensitive to glabellar tapping or sound sensation; 5 points, in sleep, slow in response to glabellar tapping or sound sensation; and 6 points, in deep sleep or unconsciousness, in a state of anesthesia.
Degree of agitation. The grading standards used were: Level 0, quiet and cooperative; level 1, mild agitation, limb restlessness under sputum suction stimulation, intermittent groan; level 2, moderate agitation, restlessness when there was no stimulation, continuous groan, and upper limbs in need of fixation; level 3, severe agitation, dramatic body movement, incapable of cooperation. 
Results
General characteristics of patients. The age, gender, body weight and operation time between dexmedetomidine and midazolam were not statistically significant (P>0.05, Table I ).
Hemodynamics and respiration. After 10 min of administration (T 2 ) of dexmedetomidine or midazolam, the SpO 2 of the midazolam group was significantly decreased and P ET CO 2 was significantly increased in comparison with the dexmedetomidine group (P<0.05). The MAP and HR of the midazolam group patients, just after the start of the operation (T 3 ) and 30 min after the operation (T 4 ) were significantly higher when compared with the dexmedetomidine group (P<0.05, Table II) .
Degree of sedation. Approximately 10 min after drug administration (T 2 ), sedation in the two groups of patients was deepened. The Ramsay scores in the two groups were significantly elevated (P<0.05) when compared with their respective base value (T 1 ). The degree of sedation was not significantly different between the dexmedetomidine and midazolam groups (P>0.05, Table III ).
Plasma concentration of epinephrine and norepinephrine.
The concentrations of epinephrine and norepinephrine was not significantly different between the dexmedetomidine and midazolam groups at T 1 (P>0.05). After drug infusion (T 2 ), epinephrine and norepinephrine of the dexmedetomidine group were significantly reduced when compared with the midazolam group (P<0.05). The two groups of patients achieved a significant reduction in the concentration of epinephrine and norepinephrine at T 2 when compared to their respective base values at T 1 (P<0.05). Shortly after starting the operation (T 3 ), the plasma concentration of epinephrine and norepinephrine of the midazolam group were significantly elevated to different degrees (Table IV) in comparison with their respective base values at T 1 . During the same period (T 3 ), epinephrine and norepinephrine of the dexmedetomidine group was significantly lower in comparison with midazolam group (P<0.05). Approximately 30 min after the start of the operation (T 4 ), epinephrine and norepinephrine returned to normalcy in the dexmedetomidine group, whereas, epinephrine and norepinephrine were higher than base level at T 1 in the midazolam group (Table IV) .
Levels of NSE and S100β. The levels of NSE and S100β between different time points (T 1 and T 5 ) within the group and between the groups were not statistically significant (P>0.05). However, at T 7 (24 h after operation), NSE and S100β levels of the midazolam group were significantly higher than those of the dexmedetomidine group (P<0.05, Table V) .
Degree of agitation. At the time of tracheal extubation (T 6 ), a significant number of patients of the dexmedetomidine group were quite relatively cooperative and the patients with agitation were fewer in comparison with the midazolam group (P<0.05, Table VI). 
Discussion
Dexmedetomidine is a novel highly selective α 2 -adrenergic receptor agonist with a good sedative effect and without respiration inhibition effect (6,7). Previous findings have shown that α 2 adrenergic receptors widely exist in the central nervous system, peripheral nervous system (somatic nerves and autonomic nerves) and autonomic ganglion, especially in tissues or organs dominated by sympathetic afferent nerves, such as vascular smooth muscle (8) . A previous study has found that the α 2 adrenergic receptor has three different receptor subtypes: α 2A , α 2B and α 2C receptor (9) . The receptors can connect with G protein and have a total of seven transmembrane segments that can couple with G0/G1 signal system and, inhibit the activation of adenylate cyclase activity and synthesis of cAMP, as well as inhibit the calcium channel and activate the potassium channel. Their different distribution determines their different functions.
The α 2B receptors are mainly distributed in thalamus while α 2A and α 2C receptors are widely distributed in the brain. The α 2A receptors are highly distributed in the locus coeruleus area and may inhibit the activity of norepinephrine cells of these regional brain tissues. α 2A receptors exist in the anterior and posterior synapsis and could inhibit the release of norepinephrine and the activity of sympathetic nerve cells (8) . Dexmedetomidine (8) may inhibit the generation of cGMP in a dose-dependent manner. Furthermore, α 2A receptors play an important role in the main pharmacological and therapeutic effects of dexmedetomidine. From experiments on mice, it was found that when α 2A receptors were blocked, the sedation, anesthesia and analgesic effects of dexmedetomidine disappeared but when α 2B and α 2C receptors were blocked, mice were able to produce normal pharmacological responses to dexmedetomidine. Previous findings showed that dexmedetomidine mediated the hypnotic reactions of animals via α 2A receptors in the locus coeruleus, as animals under long-term medication developed a certain drug resistance to the hypnotic effect of dexmedetomidine and calcium channel blockers were able to reverse the drug resistance (10) .
Dexmedetomidine, after combining with presynaptic α 2 adrenergic receptors of sympathetic nerve endings, inhibited the release of noradrenaline (8) . The study also revealed that, dexmedetomidine, after combining with the postsynaptic α 2 adrenergic receptors of the central nervous system were able to reduce the activity of the sympathetic nervous system, thereby lowering blood pressure and HR.
Dexmedetomidine combined with intramedullary α 2 adrenergic receptors, promoted analgesia and sedation, and inhibited anxiety (7) . Results of a clinical study found that, dexmedetomidine reduced the dosage of other anesthetic drugs, reduced the sympathetic excitatory effects caused by anesthesia and/or surgery, and stabilized the dynamics of blood flow (11) . The sedative, hypnotic and anxiolytic effects of dexmedetomidine were mainly attributed to its combination with the genotypes of sub-types of α 2 receptors in the locus coeruleus area. In mice, it was found that, when α 2A receptors were blocked, the sedative, anaesthetic and analgesic effects of dexmedetomidine disappeared (12) . In humans, it was found that the blood flow signals caused by dexmedetomidine were similar to the signals produced from natural sleep (13) . Dexmedetomidine was able to stimulate α 2C receptors to produce anti-anxiety effects, and the mice without α 2C receptors had shortened attack latency and significantly enhanced alarm reactions (14) . Dexmedetomidine also stimulated α 2A receptors to produce analgesic effects (15) , except the α 2A receptors located above the spinal cord. Dexmedetomidine inhibition of tracheal intubation response may be caused by its excitation of α 2 adrenergic receptors, which reduce the release of catecholamine, thereby producing obvious central sedation and sympathetic inhibition effects, and reducing the cardiovascular stress responses at incubation. The study of Venn et al (16) , in which 119 postoperative patients from intensive care unit (ICU) operation were given dexmedetomidine or a placebo, showed that the dosages of auxiliary sedative and analgesic drugs of patients in the dexmedetomidine group were significantly less than those of the control group, and dexmedetomidine patients were relatively cooperative and suffered less conscious pains. Another study on ICU patients who underwent mechanical ventilation indicated that, in order to achieve a better respiratory support effects, propofol-administered patients needed 3-fold more opioid drugs than dexmedetomidine patients. The dexmedetomidine patients were also more easily awakened and more cooperative to ventilator support, and they were able to accurately recollect the lenght of stay in ICU after leaving, while propofol patients were incapable of such recollection (17) .
The present study has found that dexmedetomidine reduced the dosage of other anesthetic drugs, reduced the sympathetic excitatory effects caused by anesthesia and/or surgery, and stabilized the haemodynamics (11) . In addition, the effects of dexmedetomidine on respiration were much slighter (18) . During the perioperative period, most patients feel fear, are anxious or worried, which inevitably results in a series of excitatory stress responses of sympathetic nerves during anaesthesia and operation, such as increased HR and blood pressure. Dexmedetomidine inhibited the excessive excitation of sympathetic nerves through activation of α 2 adrenergic receptors of the central nervous system, thereby restraining the excessive release of catecholamine substances in sympathetic nerve terminals, improving the stability of hemodynamics in the perioperative period, effectively preventing or improving heart ischemia.
From a volunteer test, it was found that dexmedetomidine infusion (plasma drug concentration was 0.5 ng/ml and 5 ng/ml) reduced myocardial perfusion, myocardial oxygen consumption, and prevented myocardial ischemia (19) . Intravenous injection of dexmedetomidine before anesthesia significantly inhibited the increase of blood pressure and the acceleration of HR caused by laryngoscopy and tracheal intubation, and also reduced the dosages of anaesthetics and opioid drugs (20) . A randomized comparative study on 30 patients who received awake nasotracheal intubation showed that, compared with fentanyl patients, the dexmedetomidine patients had better tolerance and more stable hemodynamics (21, 22) .
In an earlier study from our laboratory (Junhui, Master's dissertation), it was found that the hemodynamics of patients at pump infusion of dexmedetomidine and tracheal intubation were relatively stable and ECG was not significantly changed (23, 24) . The study also showed that dexmedetomidine reduced the secretion of catecholamine before and after awake tracheal intubation, thereby effectively preventing the adverse stress reactions of the cardiovascular system during the intubation process but not significantly affecting the patients' respiration. The result of the study indicated that, application of dexmedetomidine in awake blind tracheal intubation via oral cavity led to stable hemodynamics. In a clinical setting, the adverse reactions of dexmedetomidine mainly includes sinus tachycardia, tachycardia and even cardiac arrest, hypotension, hypertension as well as other cardiovascular diseases. Other studies have reported nausea, fever, dry mouth and other adverse reactions due to dexmedetomidine (25, 26) .
In the present study, the two groups had no serious adverse reactions. The patients in the dexmedetomidine group had no respiratory depression, ventilation difficulties, increased blood pressure or chest wall stiffness. In comparison with the midazolam group, adverse reactions in the dexmedetomidine group were significantly reduced. Prior to surgery, the patients' specific conditions were comprehensively evaluated, especially the heart functions. For the patients with bradycardia, insufficient blood volume and cardiac conduction block, dexmedetomidine was used with caution (17) . Dexmedetomidine may also be useful in protecting the nerves.
Concerning adjuvant drugs, patients of the dexmedetomidine group were given 1 µg/kg dexmedetomidine, which was diluted in normal saline to a final volume of 20 ml via pump infusion for 10 min, and followed by 0.5 µg/kg.h as a maintenance dose. Before craniotomy and at extubation, sedative effects proved satisfactory. Most patients tolerated extubation, hemodynamics was stable, SPO 2 and P ET CO 2 were not seriously affected, fluctuation of blood pressure was not obvious, no respiratory depression occurred, and the HR of several patients were significantly reduced albeit maintained over 60 beats/min, cardiac output was not affected.
By contrast, under the sedative dose (0.05 mg/kg), although patients in the midazolam group failed to inhibit a hemodynamic response at craniotomy, some patients showed obvious agitation at extubation, SPO 2 and P ET CO 2 were seriously affected, and several patients had respiratory depression. In the course of intracranial hematoma clearance of HCH, hypoxic-ischemic brain damage of the blood supply area led to the changes in the levels of many enzymes or proteins and both NSE and S100β were sensitive biochemical indicators of brain injury. NSE is a specific intracellular protein that exists in nerve cells and neuroendocrine cells. It monitors neuron injuries, and the changes in the level of NSE can effectively reflect the damage status of neurons. S100β exists in astrocytes, oligodendrocytes and other neurogliocytes and its levels reflect the damage status of neurogliocytes. The detection results of NSE and S100β in this study indicated that dexmedetomidine was effective for protecting the brains of HCH patients under craniotomy, but the specific protective mechanism needs to be further studied.
In conclusion, dexmedetomidine provided safe and effective sedation for HCH patients who received craniotomy. It also effectively reduced blood pressure and HR, reduced the dosage of anesthesia, alleviated the cardiovascular responses in anesthesia recovery period, prevented respiratory depression, and protected the brain. It is an ideal sedation adjuvant drug, and is worthy of wide application in neurosurgery.
